ABSTRACT
INTRODUCTION 1
Managing safety on the highway system has become an utmost priority for most highway agencies 2 in the US. Meanwhile, resources at the state and federal levels that are used to maintain the 3 ongoing safety improvement programs have become increasingly limited in recent years.
4
Therefore, a critical element in these programs is the proper identification of those locations in the 5 network where safety improvements would ensure the maximum return on investment, i.e. highest 6 reduction in crashes and crash severity. This principle will naturally lead to the majority of safety 7 funds being allocated to locations on well-travelled roads, usually associated with higher crash 8 frequencies. Consequently, using the economic feasibility principle alone has an inherent bias that 9 would exclude the majority of locations on low-volume roads despite the higher crash risk and 10 hazardous features that are more often encountered on these roads. Another implication of the 11 economic feasibility principle is the fact that many proven countermeasures on other rural roads 12 may simply prove infeasible on low-volume roads due to low traffic exposure.
13
In this study, the economic feasibility of a wide range of safety countermeasures on rural 14 highways was investigated using extensive low-volume road sample and ten-year crash data from 15 the state of Oregon. Benefit-cost analyses were performed consistent with the guidelines provided 
BACKGROUND

19
The literature review that was done in the course of this study confirmed the fact that research on 20 the economic feasibility of safety countermeasures is limited in general. Specifically, the few 21 studies that were identified in the literature mostly involved limited investigations on specific approaches. The evaluation of raised pavement marker was conducted using crash data for one 7 year before and one year after the implementation. The results indicated a total 9 percent reduction 8 in all crashes and 15 percent reduction in injury crashes. The benefit-cost ratio of the raised 9 pavement marker was found to be 6.5:1. this research high priority segments were identified based on two criteria: crash rate and severity.
13
An analysis of expected benefits and actual improvement costs was performed to derive the 14 benefit-cost ratio. The study reported benefit-cost ratios ranging from 0.09:1 to 2.39:1 for the 15 segments identified based on crash rate and from 1.32:1 to 8.90:1 for the segments identified based 16 on severity.
17
Another recent study (Persaud et al. 2015) investigated the safety effectiveness of 18 centerline and shoulder rumble strips at two-lane rural roads in Kentucky, Missouri and 19 Pennsylvania. An Empirical Bayes (EB) before-after analysis was conducted to account for 20 potential selection bias and regression to the mean. The crash modification factor (CMF) for run-21 off-the-road, head-on and sideswipe-opposite direction crashes was found to be 0.733 and the CMF for all type of crashes was found to be 0.80. Benefit-to-cost ratio for all types of crashes varied 1 between 28.2 and 67.7 depending on the treatment cost and service life assumptions.
2
A study by Schrum et al. (2012) attempted to identify geometric features and common 3 fixed objects including culverts, trees, slopes, ditches, and bridges that presented safety issues to 4 drivers. The field study included 21 miles of low-volume roads in Kansas and 55 miles of low 5 volume roads in Nebraska. Different safety treatment options (e.g. remove posts/rail, remove trees, 6 install longitudinal barrier, install guardrail) were considered for each feature including the "do 7 nothing" option. The "do nothing" option was often found to be the most cost-effective safety 8 treatment for the existing configuration. 
STUDY OBJECTIVE
10
The objective of this research is to examine the economic feasibility of a wide range of safety 
STUDY APPROACH
1
This study identified a wide range of safety countermeasures in the literature that could potentially 2 be implemented on rural low-volume road segments. Almost all countermeasures identified have 3 low to moderate implementation costs given the extremely low traffic exposure on these roads.
4
To determine the economic feasibility of the proposed safety measures, the costs of the 5 treatments as well as the benefits expected from those treatments need to be established. The 6 overall benefit-cost ratios (B/C) can then be determined to provide guidance on which treatments 7 may be the best use of agency funds. The benefit-cost ratio was derived for various 8 countermeasures using the procedures discussed in the following sections. given that 159 out of 1,251 total crashes involved animal-vehicle collisions. This is expected as 4 some of the highways in the study sample run through some of the National forests in Oregon.
5 Table 2 provides the safety countermeasures identified and examined in this study for its 6 economic feasibility. 
ESTIMATING COUNTERMEASURE COSTS
8
Comprehensive and up-to-date cost information for all safety measures identified was challenging 9 to find, and therefore, significant efforts were expended in obtaining updated cost information.
10
There is hardly any published information on countermeasure costs that could be borrowed for use 11 in the analysis. Accurate cost estimates that cover all situations are also difficult due to the potential Cost data from the aforementioned sources were examined carefully to ensure consistency 1 in the treatments reported and the assumptions used in deriving cost values. All cost estimates 2 coming from different sources had to be converted to the same units of measurement to be of use 3 in the analysis. When more than one cost estimate for the same treatment was obtained, the 4 average cost was used in the analysis. Two types of cost were considered in the analysis, the initial 5 cost of implementing the safety treatment and the operating cost which primarily involves 6 maintenance costs (and power in a few instances). As expected, some of the treatments involve 
ESTIMATING BENEFITS OF SAFETY COUNTERMEASURES
16
Considering the nature of safety treatments identified in this study, it is fair to state that safety 17 benefits in the form of crash reductions are the only tangible benefits that should be considered in 18 any economic analysis. Other potential benefits associated with a few countermeasures (e.g. wider
19
lanes and shoulders may be associated with higher speeds and lower travel times) are deemed 20 minimal at best.
21
The crash reduction benefits of safety countermeasures can be quantified in monetary value 22 using agency defined crash cost equivalencies for different crash severities. Consumer Price Index and Employment Cost Index methods as suggested in the HSM.
4
The Oregon DOT crash costs have fatal and injury type-A crashes combined, which is 5 slightly different from the HSM values used which have separate costs for fatal and injury crashes. Injury A crashes are those crashes which result in a vehicle driver or occupant having an 7 incapacitating injury. Similarly, injury B and injury C crashes are combined together for ODOT 8 crash cost estimates and separated for HSM cost estimates.
9
Benefits associated with a particular countermeasure are estimated using the reduction in 10 crash frequency and/or severity expected upon the implementation of the countermeasure. and CRFs in this study. In most instances, when a range of values exist for the exact same countermeasure, the mid-range value was used in the analysis. The CRFs included in the analysis 1 are meant to be estimates using the best information available.
2
As discussed earlier, for Oregon low-volume roads, ten years of crash data (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) 3 for the study sample was used in assessing the benefits of safety countermeasures. Again, these 4 roads, which are primarily located in rural areas, with AADTs lower than 1000 vpd and an average 5 AADT for the study sample of 476 vpd. Needless to say, exposure is a very important factor in 6 determining the economic feasibility of safety countermeasures, i.e. a measure that is proven 7 economically feasible on well-traveled roads may not be so on low-volume roads due to a lower 8 expected number of reduced crashes.
9
Some safety treatments are targeted toward curves while others are applied to all road type 10 segments. For benefit/cost analyses, the crash reduction cost savings for possible alignment safety 11 measures are applied to all horizontal curves in the sample. All other safety treatments are targeted 12 toward all road segments and the cost reduction benefits for those are therefore applied to all of 13 the road sample. For calculating the benefit of the countermeasures related to wildlife safety, only 14 animal-vehicle crashes were considered. Table 5 shows the road sample with crash characteristics 15 and the total 10-year equivalent crash costs using Oregon DOT and HSM cost values.
16
To determine the potential crash reduction benefits for each treatment, the number of 17 crashes prevented for each crash type per unit (either curve or mile of road) is calculated using the 18 CRFs. Then each treatment's benefit was calculated using the number of crashes prevented and 
ECONOMIC FEASIBILITY OF COUNTERMEASURES
Once the costs and benefits of safety countermeasures are calculated for the study sample, the 1 benefit-cost ratios can readily be determined. For calculating the benefit-cost ratio, the net present 2 worth (NPW) method was used in this study. As all of the data for this study were collected for For this study, the EUAW cost was the annual maintenance cost, which was used to get the 11 NPW of the maintenance cost. This cost was added to the installation cost (2004 dollars) to get the 12 total cost. The EUAW benefit was the annual benefits due to crash reductions, which was used to Internal Revenue Service. The average interest (or discount) rate over the analysis period was 15 used in this study. Table 6 shows the benefit-cost ratio of the proposed countermeasures using ratios greater than 20) followed by installing and widening centerline markings (benefit-cost ratios 8 greater than 7). Overall, the benefit-cost ratios shown in Table 6 suggest that the majority of 9 economically feasible countermeasures are low-cost safety improvements which is somewhat 10 expected given the low traffic exposure on these roads. At the other end of the spectrum, the Oregon. (benefit/cost ratios greater than 7). All of the countermeasures that are found to be most cost- centerline marking and safety edge require lower initial costs and lower or no maintenance costs. 
